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Abstract 
In a study over two breeding seasons we assessed the effect of different energy and protein levels in 
the diet of male ostriches on their body weight, body condition and the fertility of the eggs produced by their 
females. During the first season, the birds were fed diets with energy levels of 8.5, 9.5 or 10.5 MJ 
metabolisable energy (ME)/kg dry matter (DM) and 13.5, 15.0 or 16.5% protein. Corresponding lysine 
concentrations were 6.5, 7.5 and 8.5 g/kg.  In the second breeding season the groups were fed diets with 
energy levels of 7.5, 8.5 and 9.5 MJ ME/kg and protein levels of 10.5, 12.0 and 13.5%. Corresponding lysine 
concentrations were 4.9, 5.9 and 6.9 g/kg. During the first breeding season the weight of all birds increased, 
but the weight of those fed the 8.5 MJ ME/kg DM diet was significantly lower at the end of the season than 
that of birds fed diets containing 9.5 and 10.5 MJ ME/kg DM. During the second season the trend in the case 
of the 8.5 and 9.5 MJ ME/kg diets was the same as in the previous season, but a significant decrease in 
weight occurred in birds fed the 7.5 MJ ME/kg DM diet. A general loss in body condition occurred at all 
energy levels. In contrast, protein level in the diets had no significant effect on any parameters measured. 
There were no trends or significant differences in the production of fertile eggs with any of the experimental 
diets. We concluded from this study that levels of 8.5 MJ ME/kg DM and 10.5% protein in the diet of 
breeding male ostriches are sufficient if maintenance in weight is the main criteria for formulating rations. 
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Introduction 
Successful intensive commercial farming of ostriches (Struthio camelus domesticus) requires an 
adequate knowledge of the nutritional needs of the birds and of the components used in formulating diets.  
Although South Africa has had a well-established ostrich industry for over a century, information on ostrich 
nutrition, in particular specific nutritional requirements at different stages of production, is still sparse. 
Nutritional information extrapolated from the poultry industry has been used widely, but often proved 
unsatisfactory for ostriches and has resulted in several nutrition-related problems, especially in young, 
growing ostriches. One of the trends has been to feed ostriches concentrated diets with high energy and 
protein levels to increase production. However, recent studies on metabolisable energy (ME) levels in 
balanced diets have indicated that ostriches have a more effective digestive capacity to utilise high fibrous 
diets than other poultry species (Cilliers, 1994; Brand et al., 2000). Studies by Salih et al. (1998) and Brand 
et al. (2000), for example, indicated that low-energy diets had no adverse effect on the growth rate of young 
ostriches. Consequently, lower energy diets can be fed to growing/finishing ostriches up to slaughter age 
with no adverse effects on production, but with obvious financial implications. Furthermore, the hindguts of 
ostriches are adapted for hemicellulose and cellulose fermentation. Volatile fatty acids produced in the 
hindgut comprise between 12% and 76% of the daily ME intake of growing ostriches (Swart, 1988). High 
levels of dietary protein also appear to be unnecessary for ostriches. The growth rate and food consumption 
of growing ostriches (60 – 110 kg) fed a 14.0% protein diet were better than those of birds fed diets 
containing higher levels of protein (Swart & Kemm, 1985). 
Lack of knowledge on the specific nutritional needs of breeding ostriches has possibly been a major 
contributing factor in their historically poor breeding performance. The use of energy values derived from 
poultry nutrition in ostrich breeder diets has led to obesity in breeding ostriches (Cilliers & Angel, 1999), 
which could affect breeding performance (Angel, 1993). Overfeeding of breeding birds has been implicated 
as a factor in the high proportion of infertile eggs produced. Hatchability also decreases in eggs laid by obese 
broiler breeders (Robinson & Wilson, 1996). In other species such as horses, cattle and pigs, fertility and 
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conception rates decrease and birth rates drop in obese animals, and in both poultry and mammals this effect 
is more severe at high environmental temperatures. Breeding ostriches from the Little Karoo Agricultural 
Development Centre at Oudtshoorn that were fed ad libitum had a 24.5% incidence of infertile eggs, whereas 
birds restricted to 2 kg of breeder diet/bird.day had a much lower incidence of only 11.5% infertile eggs 
(Smith et al., 1995). The males and females in a paddock were fed the same diet, which was rich in calcium 
required by laying females, but low in zinc, which is essential for male sperm production. Consequently, 
male birds tended to consume excessive amounts of food, which could have resulted in obese males with a 
poor sperm quality. Bramwell et al. (1996) observed a significant negative effect of increased dietary energy 
intake on sperm concentration and total live sperm per ml of ejaculate in male broiler breeders. Soley & 
Groenewald. (1999) confirmed that obesity in male ostriches could lead to decreased fertility. It has been 
shown that the nutrient requirements of male and female chickens differ (NRC, 1994), and it can be assumed 
that there will also be differences in requirements between adult male and female ostriches. Robinson & 
Wilson (1996) found that the benefits of controlling body weight in male broiler breeders early in the 
breeding season are evident at the end of the breeding period. Separate-sex feeding has been initiated in the 
management of broiler breeder flocks and was associated with an increase of about 5% in overall 
hatchability of eggs (Whitehead, 1989). This increase was brought about by an increase in the fertility of 
eggs, since the hatchability of fertile eggs was unaffected. Studies of growing birds suggest that there is a 
potential for ostriches to be fed diets relatively high in fibre, with low energy and protein levels, without 
compromising production.  
In this study we assessed the effect of the level of energy and protein in the diet of breeding males on 
their body weight and body condition as well as on the fertility of the eggs produced by their females. This 
information would be particularly valuable to commercial ostrich enterprises because the protein, energy and 
fibre levels of formulated diets impact heavily on the cost of purchased feeds and consequently on 
production cost. 
 
Materials and Methods 
The experimental birds used in the study were African black ostriches from the commercial breeding 
flock at the Little Karoo Agricultural Development Centre near Oudtshoorn, South Africa. The management 
of the breeding flock has been described previously by Van Schalkwyk et al. (1996). The trial ran over two 
breeding seasons (1998/9 and 1999/2000). Ninety pairs of adult breeding ostriches were divided randomly 
into nine groups of 10 pairs/group during each experimental year. Therefore, groups had different breeding 
pairs during each successive breeding season. The breeding pairs were kept in separate breeding pens 
throughout the breeding season. During the first season birds were fed diets with energy levels of 8.5, 9.5 or 
10.5 MJ ME/kg dry matter (DM) and protein levels of 13.5, 15.0 or 16.5%. Corresponding lysine 
concentrations were 6.5, 7.5 and 8.5 g/kg. The 90 pairs of breeders were again divided randomly for the 
second season and the groups were fed diets with energy levels of 7.5, 8.5 and 9.5 MJ ME/kg and protein 
levels of 10.5, 12.0 and 13.5%. Corresponding lysine concentrations were 4.9, 5.9 and 6.9 g/kg. Diet 
formulation (Tables 1 and 2) was done according to requirement and raw material composition values 
recommended in the Elsenburg Ostrich Feed Databases (Brand, 2000). For both the first and the second 
season the diets were analysed according to the AOAC methods (AOAC, 1984) to determine the crude 
protein and lysine concentrations. The diets of the second season were analysed further to determine the 
threonine, fat, calcium and phosphorus concentrations. The feeds were milled to pass through a 3.0 mm sieve 
and then pelleted. The breeding birds were fed three times/week and were given 2.5 kg DM/bird.day 
throughout the breeding season (June – January). Ostriches deposit fat in a sub-peritoneal and subcutaneous 
layer over the sternum and ribs (Deeming et al. 1996) and measurements of these in conjunction with body 
weight provided a measurement of body condition. The birds were measured at the beginning and end of the 
breeding season. Measurements included the thoracic girth, measured just in front of the legs, the abdominal 
girth, measured just behind the legs and the tail circumference around the tail area. As is common practice on 
ostrich farms in South Africa, breeding birds were separated after the breeding season for a four-month rest 
period. During this time they were fed a maintenance diet containing 8.5 MJ ME/kg DM and 9.1% protein 
(Table 3) to avoid weight gain and excessive weight at the beginning of the following breeding season. The 
weight of the males was recorded at the end of the rest period to ensure that no substantial increase in weight 
occurred during this period. Data were analysed according to a 3 energy x 3 protein factorial design, with 
protein and energy levels featuring as main factors (Statgraphics, 1991). 
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Table 1 Composition of the nine experimental diets fed to breeding birds during the first breeding season   
 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7 Diet 8 Diet 9 
Ingredients (g/kg) 
Lucerne 
Oat bran 
Maize 
Soybean oilcake 
Barley  
Dicalcium phosphate 
Limestone 
Monocalcium phosphate 
Salt 
Min. & vit. premix 
Synthetic lysine 
Synthetic methionine 
Total 
 
Composition (calculated) 
ME, MJ/kg 
Protein, %* 
Lysine, g/kg* 
Met-cys**, g/kg 
Tryptophan, g/kg 
Threonine, g/kg 
Crude fibre, g/kg 
Fat, g/kg 
Calcium, g/kg 
Phosphorus, g/kg 
 
605.5 
255.0 
0.0 
11.2 
78.2 
20.0 
7.5 
13.9 
5.0 
2.0 
0.0 
1.7 
1000.0 
 
 
8.5 
13.5 
6.5 
4.5 
2.5 
4.8 
256.0 
14.0 
20 
8.0 
 
605.5 
239.0 
0.0 
64.6 
39.1 
20.0 
5.8 
17.0 
5.0 
2.0 
0.0 
2.0 
1000.0 
 
 
8.5 
15.0 
7.5 
5.3 
2.9 
5.7 
250.7 
13.5 
20 
8.8 
 
605.5 
239.0 
0.0 
64.6 
39.1 
20.0 
5.8 
17.0 
5.0 
2.0 
0.0 
2.0 
1000.0 
 
 
8.5 
16.5 
8.5 
6.1 
3.2 
6.5 
245.3 
13.0 
20 
9.6 
 
605.5 
127.5 
100.0 
5.6 
111.2 
20.0 
8.6 
13.3 
5.0 
2.0 
0.0 
1.4 
1000.0 
 
 
9.5 
13.5 
6.5 
4.5 
2.6 
5.1 
225.5 
17.1 
20 
8.0 
 
605.6 
119.5 
100.0 
57.9 
66.2 
20.0 
7.8 
14.5 
5.0 
2.0 
0.0 
1.7 
1000.0 
 
 
9.5 
15.0 
7.5 
5.3 
2.9 
5.9 
223.3 
16.5 
20 
8.4 
 
605.5 
111.5 
100.0 
110.2 
21.3 
20.0 
7.0 
15.7 
5.0 
2.0 
0.0 
2.0 
1000.0 
 
 
9.5 
16.5 
8.5 
6.1 
3.3 
6.7 
221.2 
15.9 
20 
8.8 
 
605.5 
0.0 
200.0 
0.0 
144.1 
20.0 
9.8 
12.6 
5.0 
2.0 
0.0 
1.0 
1000.0 
 
 
10.5 
13.5 
6.5 
4.5 
2.6 
5.3 
195.0 
20.2 
20 
8.0 
 
605.5 
0.0 
200.0 
51.2 
93.3 
20.0 
9.8 
12.0 
5.0 
2.0 
0.0 
1.3 
1000.0 
 
 
10.5 
15.0 
7.5 
5.3 
3.0 
6.1 
196.0 
19.5 
20 
8.0 
 
605.5 
0.0 
200.0 
102.3 
42.5 
20.0 
9.8 
11.3 
5.0 
2.0 
0.0 
1.6 
1000.0 
 
 
10.5 
16.5 
8.5 
6.1 
3.3 
6.8 
197.0 
18.7 
20 
8.0 
*Analysed, **Methionine + cystine 
 
Table 2 Composition of the nine experimental diets fed to breeding birds during the second breeding season   
 Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 Diet 7 Diet 8 Diet 9 
Ingredients (g/kg)          
Lucerne meal 
Oat bran 
Maize meal 
Soybean oilcake 
Cottonseed oilcake 
Dicalcium phosphate 
Limestone 
Salt 
Min. & vit. premix 
Synthetic lysine 
Synthetic methionine 
Total 
 
Composition (calculated) 
ME, MJ/kg 
Protein, %* 
Lysine, g/kg* 
Met-cys**, g/kg 
Tryptophan, g/kg 
Threonine, g/kg* 
Crude fibre, g/kg 
Fat, g/kg* 
Calcium, g/kg* 
Phosphorus, g/kg* 
138.6 
700.0 
14.0 
81.5 
0.0 
39.9 
13.9 
5.0 
4.0 
1.3 
1.8 
1000.0 
 
 
7.5 
10.5 
5.4 
3.7 
1.2 
3.3 
235.5 
16.6 
15.5 
9.3 
69.3 
701.7 
7.0 
91.7 
59.6 
37.4 
20.8 
5.0 
4.0 
1.6 
2.0 
1000.0 
 
 
7.5 
12.0 
5.7 
4.6 
1.3 
3.5 
222.6 
19.2 
15.1 
8.7 
0.0 
703.3 
0.0 
102.0 
119.2 
34.8 
27.7 
5.0 
4.0 
1.8 
2.2 
1000.0 
 
 
7.5 
13.5 
6.1 
5.4 
1.4 
3.8 
209.6 
18.4 
19.5 
11.3 
280.5 
486.6 
130.8 
40.8 
0.0 
39.6 
10.3 
5.0 
4.0 
1.2 
1.3 
1000.0 
 
 
8.5 
10.5 
5.4 
3.7 
1.6 
3.3 
220.4 
16.6 
18.6 
9.8 
216.7 
502.7 
108.5 
78.0 
29.8 
37.6 
15.1 
5.0 
4.0 
1.1 
1.6 
1000.0 
 
 
8.5 
12.0 
5.4 
4.5 
01.7 
3.5 
211.0 
17.3 
18.3 
10.4 
152.9 
518.8 
86.2 
115.2 
59.6 
35.7 
19.9 
5.0 
4.0 
0.9 
2.0 
1000.0 
 
 
8.5 
13.5 
6.1 
5.4 
1.9 
4.8 
201.7 
18.4 
19.9 
10.6 
422.3 
273.2 
247.6 
0.0 
0.0 
39.3 
6.6 
5.0 
4.0 
1.1 
0.9 
1000.0 
 
 
9.5 
10.5 
5.4 
3.7 
1.9 
3.3 
205.3 
21.4 
17.9 
10.3 
364.0 
303.8 
210.0 
64.2 
0.0 
37.9 
9.3 
5.0 
4.0 
0.6 
1.3 
1000.0 
 
 
9.5 
12.0 
5.7 
4.5 
2.1 
3.5 
199.5 
21.2 
18.8 
10.5 
305.7 
334.3 
172.4 
128.4 
0.0 
36.5 
12.0 
5.0 
4.0 
0.0 
1.7 
1000.0 
 
 
9.5 
13.5 
6.1 
5.4 
2.3 
3.8 
193.7 
18.4 
17.2 
10.2 
*Analysed, **Methionine + cystine 
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Table 3 Composition of the diet fed to the males during the rest period 
 Diet 
Ingredients (kg/ton) 
Lucerne 
Oat bran 
Barley 
Limestone 
Salt 
Mineral & vitamin premix 
Synthetic methionine 
Total 
Composition: (calculated) 
ME, MJ/kg 
Protein, % 
Lysine, g/kg 
Met-cys, g/kg 
Methionine, g/kg 
Threonine, g/kg 
Tryptophan, g/kg 
 
112.8 
567.2 
287.6 
25.0 
5.0 
2.0 
0.4 
1000.0 
 
8.5 
9.1 
2.7 
2.1 
1.3 
2.2 
1.4 
 
Results 
There were no interactions between the effects of dietary energy and protein levels (P > 0.18). The 
main effects are consequently presented separately.  The effects of the different energy levels on production 
for both seasons are shown in Table 4. At the onset of the breeding season the mean weight of birds was 
between 117 and 123 kg and did not differ (P > 0.05) between the various groups. During the first breeding 
season (1998/9) the birds gained between 4 and 15 kg in body weight over the course of the breeding season, 
with those birds fed the lowest energy diets experiencing the lowest increase in weight and those fed the 
highest energy diet the most. At the end of the season, the body weight of those birds fed the 8.5 MJ ME/kg 
diet was less (P ≤ 0.001) than that of the birds fed diets containing 9.5 and 10.5 MJ ME/kg. At the beginning 
of the breeding season there were no differences (P > 0.05) in thoracic girth, abdominal girth and tail 
circumference for birds in the different treatment groups (Table 4). Thoracic girth, abdominal girth and tail 
circumference of male birds fed the diets containing 9.5 and 10.5 MJ ME/kg increased over the breeding 
season. In contrast, measurements of those birds fed the diet containing 8.5 MJ ME/kg decreased and were 
less (P ≤ 0.001) than those of birds fed the higher-energy diets.  Taken in conjunction with the relatively 
small increase in body weight, this suggests that these birds did not accumulate fat during the breeding 
season. The weight of all birds decreased during the four-month rest period, and at the end of that period 
their body weight was back to pre-breeding season levels, with no differences (P > 0.25) between groups 
(Table 4). 
The mean weight of the birds at the start of the second breeding season trial (1999/2000) was similar 
to that in the first season (between 117 and 123 kg) and again, there were no differences (P > 0.20) between 
groups (Table 4). During the second breeding season, the body weight of birds fed the 8.5 and 9.5 MJ ME/kg 
diets increased on average by 0.6 and 6.4 kg, respectively, although the mean weight of both groups at the 
end of the season did not differ significantly. In contrast, the body weight of birds fed the diet containing 7.5 
MJ ME/kg decreased by 12.5 kg and was less (P ≤ 0.001) at the end of the season than that of birds fed the 
higher-energy diets. All birds experienced a decrease in mean thoracic girth, abdominal girth and tail 
circumference during the second season (1999/2000), with measurements of birds fed the lower-energy diets 
generally decreasing more than those of birds fed the higher-energy diets. There was, however, no difference 
(P > 0.2) in mean measurements between the groups at the end of the breeding season (Table 4). Birds 
gained between 5.1 and 6.7 kg during the rest period, although the weight of birds fed the 7.5 MJ ME/kg diet 
during the breeding season was still significantly below that of the other birds at the end of the season, and 
also below their own body weight at the start of the breeding season. 
 
 
The South African Journal of Animal Science is available online at http://sasas.co.za/Sajas.html  
South African Journal of Animal Science 2002, 32 (4) 
© South African Society for Animal Science 
 
235
 
The South African Journal of Animal Science is available online at http://sasas.co.za/Sajas.html  
So
ut
h 
A
fr
ic
an
 Jo
ur
na
l o
f A
ni
m
al
 S
ci
en
ce
 2
00
2,
 3
2 
(4
) 
©
 S
ou
th
 A
fr
ic
an
 S
oc
ie
ty
 fo
r A
ni
m
al
 S
ci
en
ce
 
23
6 
     T
ab
le
 4
 T
he
 e
ff
ec
t 
of
 d
iff
er
en
t 
di
et
ar
y 
en
er
gy
 l
ev
el
s 
on
 b
od
y 
w
ei
gh
t, 
bo
dy
 m
ea
su
re
m
en
ts
 a
nd
 p
ro
du
ct
io
n 
of
 b
re
ed
in
g 
m
al
e 
os
tri
ch
es
 o
ve
r 
tw
o 
br
ee
di
ng
 
se
as
on
s (
m
ea
n 
± 
s.e
.) 
 
En
er
gy
 le
ve
l (
M
J/
kg
) f
irs
t s
ea
so
n 
(1
99
8/
9)
 
En
er
gy
 le
ve
l (
M
J/
kg
) s
ec
on
d 
se
as
on
 (1
99
9/
20
00
) 
Pr
od
uc
tio
n 
pa
ra
m
et
er
s 
8.
5 
 
 
 
 
 
9.
5
10
.5
Si
gn
ifi
ca
nc
e 
le
ve
l (
P)
 
7.
5
8.
5
9.
5
Si
gn
ifi
ca
nc
e 
le
ve
l (
P)
 
N
um
be
r o
f a
ni
m
al
s, 
n 
St
ar
tin
g 
w
ei
gh
t, 
kg
 
En
d 
w
ei
gh
t, 
kg
 
W
ei
gh
t c
ha
ng
e,
 k
g 
 Th
or
ac
ic
 g
irt
h,
 c
m
 
St
ar
t o
f  
br
ee
di
ng
 se
as
on
 
En
d 
of
 b
re
ed
in
g 
se
as
on
 
 A
bd
om
in
al
 g
irt
h,
 c
m
 
St
ar
t o
f b
re
ed
in
g 
se
as
on
 
En
d 
of
 b
re
ed
in
g 
se
as
on
 
 Ta
il 
ci
rc
um
fe
re
nc
e,
 c
m
 
St
ar
t o
f b
re
ed
in
g 
se
as
on
 
En
d 
of
 b
re
ed
in
g 
se
as
on
 
 R
es
t p
er
io
d 
R
es
t p
er
io
d 
st
ar
tin
g 
w
ei
gh
t, 
kg
 
R
es
t p
er
io
d,
 fo
ur
 m
on
th
s, 
kg
 
 Pr
od
uc
tio
n 
In
fe
rti
le
 e
gg
s, 
%
 
30
 
11
7.
3 
± 
2.
5 
12
1.
2 
± 
2.
7a
 
3.
9 
± 
1.
5a
 
  
12
3.
7 
± 
1.
0 
12
1.
5 
± 
1.
1a
 
  
14
4.
3 
± 
1.
5 
14
2.
2 
± 
1.
6a
 
  
10
9.
7 
± 
1.
1 
10
6.
7 
± 
1.
5a
 
  
12
1.
2 
± 
2.
7a
 
11
7.
7 
± 
2.
7 
  
19
.7
 ±
 5
.7
 
30
 
12
3.
0 
± 
2.
6 
13
0.
9 
± 
2.
7b
 
8.
1 
± 
1.
5b
 
  
12
2.
9 
± 
1.
0 
12
6.
7 
± 
1.
2b
 
  
14
6.
2 
± 
1.
5 
14
7.
8 
± 
1.
6b
 
  
10
7.
8 
± 
1.
1 
11
0.
8 
± 
1.
6a
b  
  
13
0.
9 
± 
2.
7b
 
12
2.
8 
± 
2.
8 
  
27
.0
 ±
 5
.7
 
30
 
11
9.
6 
± 
2.
5 
13
4.
4 
± 
2.
7b
 
14
.9
 ±
 1
.5
c 
  
12
3.
2 
± 
1.
0 
12
9.
4 
± 
1.
1b
 
  
14
6.
5 
± 
1.
5 
14
9.
5 
± 
1.
6b
 
  
10
9.
2 
± 
1.
1 
11
2.
3 
± 
1.
5b
 
  
13
4.
4 
± 
2.
7b
 
12
3.
1 
± 
2.
7 
  
25
.6
 ±
 5
.6
 
 
0.
30
4 
0.
00
2 
0.
00
1   
0.
84
5 
0.
00
1   
0.
52
3 
0.
00
3   
0.
44
3 
0.
03
3   
0.
00
2 
0.
28
6   
0.
62
3 
30
 
12
2.
9 
± 
2.
6 
11
0.
2 
± 
2.
8a
 
-1
2.
5 
± 
1.
7a
 
  
12
7.
2 
± 
1.
2 
12
1.
2 
± 
1.
4 
  
14
0.
6 
± 
3.
3 
12
9.
1 
± 
1.
7 
  
10
3.
6 
± 
1.
3 
10
0.
4 
± 
1.
5 
  
11
0.
2 
± 
2.
8a
 
11
5.
6 
± 
2.
5a
 
  
20
.6
 ±
 4
.2
 
30
 
12
0.
9 
± 
2.
5 
12
1.
6 
± 
2.
8b
 
0.
6 
± 
1.
7b
 
  
12
7.
0 
± 
1.
1 
12
3.
9 
± 
1.
4 
  
13
6.
2 
± 
3.
2 
13
0.
5 
± 
1.
7 
  
10
7.
1 
± 
1.
3 
10
1.
1 
± 
1.
5 
  
12
1.
6 
± 
2.
8b
 
12
8.
3 
± 
3.
2b
 
  
26
.8
 ±
 4
.0
 
30
 
11
6.
9 
± 
2.
5 
12
2.
0 
± 
2.
7b
 
6.
4 
± 
1.
7c
 
  
12
5.
1 
± 
1.
1 
12
4.
3 
± 
1.
4 
  
14
1.
5 
± 
3.
2 
13
2.
0 
± 
1.
7 
  
10
3.
7 
± 
1.
3 
10
3.
1 
± 
1.
5 
  
12
2.
0 
± 
2.
7b
 
12
7.
1 
± 
2.
8b
 
  
15
.5
 ±
 4
.0
 
 
0.
24
0 
0.
05
5 
0.
00
1   
0.
33
7 
0.
25
6   
0.
46
3 
0.
49
7   
0.
10
1 
0.
43
0   
0.
05
5 
0.
02
5   
0.
14
4 
a,
 b
, c
 D
en
ot
e 
si
gn
ifi
ca
nt
 (P
 ≤ 
0.
05
) d
iff
er
en
ce
 w
ith
in
  r
ow
s 
      T
he
 S
ou
th
 A
fr
ic
an
 Jo
ur
na
l o
f A
ni
m
al
 S
ci
en
ce
 is
 a
va
ila
bl
e 
on
lin
e 
at
 h
ttp
://
sa
sa
s.c
o.
za
/S
aj
as
.h
tm
l 
 
So
ut
h 
A
fr
ic
an
 Jo
ur
na
l o
f A
ni
m
al
 S
ci
en
ce
 2
00
2,
 3
2 
(4
) 
©
 S
ou
th
 A
fr
ic
an
 S
oc
ie
ty
 fo
r A
ni
m
al
 S
ci
en
ce
 
 
23
7 
   T
ab
le
 5
 T
he
 e
ff
ec
t o
f d
iff
er
en
t d
ie
ta
ry
 p
ro
te
in
 le
ve
ls
 o
n 
liv
e 
bo
dy
 w
ei
gh
t, 
bo
dy
 m
ea
su
re
m
en
ts
 a
nd
 p
ro
du
ct
io
n 
of
 b
re
ed
in
g 
m
al
e 
os
tri
ch
es
 o
ve
r t
w
o 
br
ee
di
ng
 
se
as
on
s (
m
ea
n 
± 
s.e
.) 
 
Pr
ot
ei
n 
(%
) f
irs
t s
ea
so
n 
(1
99
8/
9)
 
Pr
ot
ei
n 
(%
) s
ec
on
d 
se
as
on
 (1
99
9/
20
00
) 
Pr
od
uc
tio
n 
pa
ra
m
et
er
s 
13
.5
 
 
 
 
 
 
15
.0
16
.5
Si
gn
ifi
ca
nc
e 
le
ve
l (
P)
 
10
.5
12
.0
13
.5
Si
gn
ifi
ca
nc
e 
le
ve
l (
P)
 
N
um
be
r o
f a
ni
m
al
s, 
n 
St
ar
tin
g 
w
ei
gh
t, 
kg
 
En
d 
w
ei
gh
t, 
kg
 
W
ei
gh
t w
ei
gh
t, 
kg
 
 Th
or
ac
ic
 g
irt
h,
 c
m
 
St
ar
t o
f b
re
ed
in
g 
se
as
on
 
En
d 
of
 b
re
ed
in
g 
se
as
on
 
 A
bd
om
in
al
 g
irt
h,
 c
m
 
St
ar
t o
f b
re
ed
in
g 
se
as
on
 
En
d 
of
 b
re
ed
in
g 
se
as
on
 
 Ta
il 
ci
rc
um
fe
re
nc
e,
 c
m
 
St
ar
t o
f b
re
ed
in
g 
se
as
on
 
En
d 
of
 b
re
ed
in
g 
se
as
on
 
 R
es
t p
er
io
d 
R
es
t p
er
io
d 
st
ar
tin
g 
w
ei
gh
t, 
kg
 
R
es
t p
er
io
d,
 fo
ur
 m
on
th
s, 
kg
 
 Pr
od
uc
tio
n 
In
fe
rti
le
 e
gg
s, 
%
 
30
 
12
1.
5 
± 
2.
5 
13
1.
2 
± 
2.
9 
9.
7 
± 
1.
5 
  
12
3.
9 
± 
.1
0 
12
7.
0 
± 
1.
1 
  
14
5.
8 
± 
1.
5 
14
7.
8 
± 
1.
6 
  
10
9.
5 
± 
1.
1 
11
1.
7 
± 
1.
5 
  
13
1.
2 
± 
2.
9 
12
1.
0 
± 
2.
8 
  
29
.4
 ±
 5
.7
 
30
 
11
9.
7 
± 
2.
6 
12
6.
5 
± 
2.
7 
6.
7 
± 
1.
5 
  
12
3.
3 
± 
1.
0.
 
12
5.
3 
± 
1.
2 
  
14
4.
8 
± 
1.
5 
14
5.
5 
± 
1.
6 
  
10
7.
2 
± 
1.
1 
10
8.
6 
± 
1.
6 
  
12
6.
5 
± 
2.
7 
12
1.
9 
± 
2.
7 
  
19
.1
 ±
 5
.6
 
30
 
11
8.
5 
± 
2.
5 
12
8.
9 
± 
2.
7 
10
.5
 ±
 1
.5
 
  
12
2.
6 
± 
1.
0 
12
5.
2 
± 
1.
1 
  
14
6.
4 
± 
1.
5 
14
6.
3 
± 
1.
6 
  
11
0.
2 
± 
1.
1 
10
9.
5 
± 
1.
5 
  
12
8.
9 
± 
2.
7 
12
0.
7 
± 
2.
6 
  
23
.8
 ±
 5
.7
 
 
0.
69
9 
0.
46
8 
0.
17
1   
0.
64
0 
0.
47
2   
0.
75
8 
0.
59
2   
0.
15
7 
0.
33
3   
0.
46
8 
0.
95
1   
0.
43
2 
30
 
12
2.
4 
± 
2.
6 
11
9.
6 
± 
3.
0 
-2
.6
 ±
 1
.7
 
  
12
8.
3 
±1
.2
 
12
3.
6 
±1
.5
 
  
14
1.
2 
± 
3.
3 
13
0.
9 
± 
1.
8 
  
10
5.
0 
± 
1.
3 
10
2.
4 
± 
1.
6 
  
11
8.
7 
± 
2.
6 
12
2.
8 
± 
2.
9 
  
21
.4
 ±
 4
.0
 
30
 
12
0.
9 
± 
2.
6 
11
9.
4 
± 
2.
7 
-0
.3
 ±
 1
.6
 
  
12
5.
0 
±1
.1
 
12
4.
6 
± 
1.
4 
  
14
2.
0 
± 
3.
3 
13
0.
7 
± 
1.
6 
  
10
5.
1 
± 
1.
3 
10
1.
6 
± 
1.
4 
  
11
9.
7 
± 
2.
7 
12
4.
9 
± 
3.
1 
  
22
.3
 ±
 4
.2
 
30
 
11
7.
3 
± 
2.
5 
11
4.
8 
± 
2.
7 
-2
.4
 ±
 1
.7
 
  
12
6.
0 
±1
.1
 
12
1.
1 
± 
1.
4 
  
13
5.
1 
± 
3.
2 
12
9.
9 
± 
1.
7 
  
10
4.
4 
± 
1.
3 
10
0.
6 
± 
1.
5 
  
11
4.
3 
± 
2.
6 
12
3.
3 
± 
2.
5 
  
19
.2
 ±
 4
.1
 
 
0.
35
4 
0.
38
2 
0.
53
1   
0.
11
2 
0.
18
8   
0.
25
6 
0.
91
2   
0.
91
0 
0.
71
1   
0.
30
8 
0.
88
0   
0.
86
4 
a,
 b
, c
 D
en
ot
e 
si
gn
ifi
ca
nt
 (P
 ≤ 
0.
05
) d
iff
er
en
ce
 w
ith
in
 ro
w
s
Th
e 
So
ut
h 
A
fr
ic
an
 Jo
ur
na
l o
f A
ni
m
al
 S
ci
en
ce
 is
 a
va
ila
bl
e 
on
lin
e 
at
 h
ttp
://
sa
sa
s.c
o.
za
/S
aj
as
.h
tm
l 
 
South African Journal of Animal Science 2002, 32 (4) 
© South African Society for Animal Science 
 
238
The proportion of infertile eggs over the two seasons ranged between 8 to 27%. There were no trends 
evident in the proportion of fertile eggs in relation to dietary energy levels, and mean values did not differ (P 
> 0.05) for the various treatment groups in any one season (Table 4). 
The effects of different protein levels on body weight and body measurements over the two breeding 
seasons are presented in Table 5. Again, the weight of birds assigned to different diets did not differ (P > 
0.05) at the onset of the breeding seasons. Males on the three different protein diets gained between 7 and 11 
kg over the first breeding season, but their weights at the end of the season did not differ significantly (P > 
0.25). Thoracic and abdominal girth and tail circumference generally increased slightly (Table 5), but did not 
differ significantly between birds fed different diets. During the second breeding season, all birds 
experienced a decrease in weight. The decrease in weight ranged between 0.3 and 2.6 kg, but final body 
weight in the various groups did not differ significantly (Table 5). Thoracic and abdominal girth and tail 
circumference decreased, but again, at the end of the season, did not differ (P > 0.05) between birds fed 
different diets. Males generally experienced a decrease in weight during the first rest period. At the end of 
the rest period their body weight corresponded closely with their weight at the start of the breeding season 
and there was no significant difference between birds fed diets containing different levels of protein (Table 
5). In the rest period following the second breeding season, the birds gained between 4 and 9 kg. The 
increase in weight corresponded with the proportion of protein in the diet, but mean weights at the end did 
not differ significantly (P > 0.05). 
There were no significant differences in percentage of fertile eggs produced by females mated to the 
males fed different levels of dietary protein (Table 5). However, there was a trend for fewer infertile eggs to 
be produced during the second season. 
 
Discussion and Conclusion 
Male ostriches fed high-energy diets (9.5 and 10.5 MJ ME/kg DM) generally experienced an increase 
in weight over the course of the breeding season. Their thoracic girth, abdominal girth and tail circumference 
also increased over the breeding season. This, combined with the increase in body weight, suggests that they 
were overfed and deposited fat. The body weight of birds fed a diet containing 8.5 MJ ME/kg DM was either 
slightly more or remained the same, and there was a slight decrease in thoracic and abdominal girth and tail 
circumference in these birds. In contrast, birds fed a low-energy diet containing only 7.5 MJ ME/kg 
experienced a substantial decrease in weight and also in thoracic and abdominal girth and tail circumference. 
This decrease in body measurements, taken in conjunction with the more substantial decrease in body 
weight, suggests that these birds lost condition during the breeding season. Since most other domestic animal 
species are managed to bring about a decrease in weight during the breeding season, the dietary energy levels 
of 7.5 or 8.5 MJ ME/kg would seem to be the most desirable for breeding male ostriches. Birds on all protein 
levels similarly experienced an increase in weight during the first breeding season, and although a slight 
decrease in weight occurred during the second season, it seems as if protein levels ranging between 10.5% 
and 16.5% did not affect body weight or body measurements. In a trial with male turkeys, Cecil (1982) found 
that the concentration of semen collected from males on different protein diets (8, 11, 13 and 17%) was 
similar and fertility and hatchability of eggs did not differ between the various treatments. Dobrescru (1986) 
and Sexton (1986) confirmed that low protein levels had no effect on fertility, as long as the males were in 
good reproductive condition at the onset of the breeding season.  
Despite losing body weight and condition on a low energy-low protein diet, there was no evidence that 
fertility was affected. Similarly, despite substantial weight gains and apparent deposition of fat (as indicated 
by increased body measurements) of some groups, there were no significant differences or consistent trends 
in the proportion of infertile eggs produced. This is in contrast to previous assertions with regard to obesity 
and fertility in male ostriches (Angel, 1993; Smith et al., 1995; Soley et al., 1999). From our results, it may 
be concluded that levels of 8.5 MJ ME/kg DM and 10.5% protein in the diet of breeding male ostriches are 
sufficient if an increase in body weight during the breeding season is the main criterion for formulating 
rations.  
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